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[57] ABSTRACT 
Disclosed is a magnetic recording medium comprising a 
predetermined substrate having or not having a soft 
magnetic thin ?lm provided thereon, a layer formed 
thereon for controlling the columnar crystal grain size 
in a thin magnetic ?lm formed on the substrate, and the 
thin magnetic ?lm provided on the-columnar crystal 
grain size control layer. The above-mentioned colum 
nar crystal grain size control layer is a ?lm having a 
close-packed hexagonal lattice structure and made of 
one element selected from among Ru, Sc, Y, and Zn, or 
two or more elements selected from among Ru, Sc, Y, 
Zn, and Ti; or a ?lm having a close-packed hexagonal 
lattice structure and made of Co or a Co-based alloy. 
The columnar crystal grain size control layer may con 
sist of two layers, the under layer of which is made of 
one or more elements selected from among Si, Ge, and 
Sn. 

11 Claims, 4 Drawing Figures 
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MAGNETIC RECORDING MEDIUM 

BACKGROUND OF THE INVENTION 

The present invention relates to a magnetic recording 
medium adapted to perpendicular magnetic recording. 
The perpendicular magnetic recording system is a 

means for magnetic recording in a direction perpendic 
ular to the ?lm surface of a magnetic recording medium, 
and is suitable for increasing the magnetic recording 
density since the demagnetizing ?eld in every bit is 
small in high density magnetic recording. Magnetic 
recording media usable for this purpose include those 
using a thin ?lm of a Co-based alloy such as Co-Cr, 
Co-V, Co-Mo, Co-W, Co-Ru, Co-Re, Co-O, Co-Cr-Rh, 
Co~Cr-Ru, or Co-Ni-O. The Co-based alloy constitut 
ing the thin magnetic ?lm is characterized in that it has 
a close-packed hexagonal (h. c. p.) lattice structure and 
consists of ?ne crystal grains liable to be oriented in 
respect of their c-axes. In order to improve the mag 
netic recording characteristics, not only must c-axis 
dispersion of the thin Co-based allov ?lm be decreased, 
but also the size of ?ne columnar crystal grains must be 
controlled. As discussed by Iwasaki et al. in “Perpen 
‘dicular Magnetic Recording with Composite Anisot 
ropy Film”, IEEE, Trans. Magnetics, MAG-15, 1456 
(1979), provision of a thin ?lm layer of a soft magnetic . 
material such as Permalloy under the thin Co-based 
alloy ?lm is effective in improving the magnetic record 
ing sensitivity. 
The perpendicular magnetic recording medium used 

today comprises a non-magnetic substrate such as a 
plastic ?lm of polyimide or polyethylene terephthalate 
or an Al or glass plate, and a thin Co-based alloy ?lm 
directly deposited thereon or formed with a thin ?lm 
layer of a soft magnetic material such as Permalloy 
therebetween for the purpose of improving the mag 
netic recording sensitivity. In the case of a thin Co 
based alloy ?lm directly deposited on the non-magnetic 
substrate, the c-axis dispersion (A050) thereof is about 8° 
to 9“, and the columnar crystal grain size is not con 
trolled at all with quite irregular grains, with the result 
that it is poor in the performance characteristics as a 
high density magnetic recording medium. With a view 
to improving the c-axis dispersion of the thin Co-based 
alloy ?lm as the above-mentioned magnetic layer, 
Sugita et al. has proposed a process comprising deposit 
ing Ti on a non-magnetic substrate by the vacuum evap 
oration technique, and providing thereon a magnetic 
layer or forming a thin permalloy (Ni-20 wt ,% Fe alloy) 
?lm layer between the thin Ti ?lm layer and a magnetic 
layer as provided above (Japanese Patent Laid-Open 
No. 77,025/1983). This process can provide a thin Co 
based alloy ?lm having a c-axis dispersion A050 of about 
6 to 8". However, a higher value of A050 is required of 
a further higher density magnetic recording medium, 
and a thin ?lm comprising columnar crystal grains so 
controlled as to have adequate sizes must be provided in 
order to improve the magnetic recording characteris 
tics. In the case of a thin Co-based alloy ?lm as the 
magnetic layer under which a thin ?lm layer of a soft 
magnetic material is provided, the c-axis dispersion 
thereof is poorer than that of the Co-based alloy ?lm 
directly provided on the non-magnetic substrate, and a 
grave dif?culty is encountered in controlling the size of 
columnar crystal grains in the thin ?lm. 
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SUMMARY OF THE INVENTION 

An object of the present invention is to provide a 
perpendicular magnetic recording medium comprising 
a thin ?lm having an improved columnar crystal grain 

' size and an improved c-axis dispersion. 
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The above and other objects of the present invention 
can be attained by a magnetic recording medium com 
prising a predetermined substrate having or not having 
a thin ?lm of a soft magnetic material provided thereon, 
a layer formed thereon for controlling the columnar 
crystal grain size in a thin magnetic layer, and the 
above-mentioned thin magnetic ?lm provided on the 
columnar crystal grain size control ?lm. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1, 2, 3, and 4 are partial cross-sectional views 
of examples of ‘the perpendicular magnetic recording 
medium of the present invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

The present invention has been completed based on 
the following knowledge. Speci?cally, Co with the 
close-packed hexagonal lattice structure (hereinafter 
referred to as the “hop structure”) has a large magneto 
crystalline anisotropy in the c-axis direction. When a 
thin Co-based alloy ?lm of such Co containing an ele 
ment such as Cr, V, or Mo added thereto is formed on 
a non-magnetic substrate, a perpendicular anisotropy 
?lm having the c-axis oriented perpendicularly to the 
surface of the ?lm can be obtained. Growth of the thin 
Co-based alloy ?lm is largely affected by the surface 
state of the substrate on which the thin ?lm is deposited. 
When the mode of growth of the thin Co-based alloy 
?lm being formed on the non-magnetic substrate is 
cross-sectionally observed through a transmission elec 
tron microscope, it is found to comprise an initial stage 
of thin ?lm growth wherein aggregates of ?ne crystals 
are formed and a subsequent ?lm thickness increasing 
stage of thin ?lm growth wherein columnar crystals 
having the c-axis of the hop structure oriented perpen 
dicularly to the surface of the ?lm are formed. There 
fore, the columnar crystal grain size in- the thin Co 
based alloy ?lm varies in the thickness-wise direction of 
the thin ?lm. In order to control the columnar crystal 
grain size in the thin Co-based alloy ?lm from the initial 
stage of thin ?lm growth, it may be conceivable to 
provide a crystal grain size control layer between the 
substrate and the thin Co-based alloy ?lm. One conceiv 
able method for materializing this may comprise prelim 
inary formation on a non-magnetic substrate of a crystal 
grain size control layer made of Ru, Zn, Sc, Y or the 
like, or an alloy containing Ru, Zn, Sc, Y, Ti or the like 
and having the same hcp structure as in the case of Co; 
and formation of a thin Co-based alloy ?lm on the crys 
tal grain size control layer with the hop structure. A 
crystal grain size control layer containing Ru will be 
described by way of example. The inter-atomic distance 
of Ru in the plane (001) is 2.64A, while that of Co with 
the hop structure in the plane (002) is 2.49A. Thus, the 
two values are very close. Therefore, the thin Co-based 
alloy ?lm undergoes epitaxial growth on the crystal 
grain size control layer made of Ru in accordance with 
the crystal grain size in the crystal grain size control 
layer despite a slight mismatch in crystal lattice. Ac 
cordingly, in order to improve the controllability of the 
columnar crystal grain size in the thin Co-based alloy 
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?lm, crystal grains with the hcp structure in the crystal 
grain size control layer must be controlled. To attain 
this, the inventors of the present invention have exam 
ined the size of columnar crystal grains in crystal grain 
size control ?lms with the hcp structure formed at var 
ied surface temperatures of a non-magnetic substrate. 
As a result, they have found that the columnar crystal 
grain size in a crystal grain size control layer can be 
arbitrarily controlled in accordance with the tempera 
ture of the substrate, and hence a thin Co-based alloy 
?lm having the same columnar crystal grain size as in 
the crystal grain size control layer can be formed when 
the thin ?lm is formed on the crystal grain size control 
layer as described above. 

Based on an idea that control of the surface state of a 
substrate on which a crystal grain size control layer 
with the hcp structure is formed may have to be con 
trolled in order to improve the controllability of the 
columnar crystal grain size in the thin Co-based alloy 
?lm, the inventors of the present invention have exam 
ined through a transmission electron microscope the 
state of crystal growth in a second crystal gain size 
control layer of Ru or the like with the hcp structure 
formed on an extremely thin ?rst crystal grain size con 
trol layer of a non-magnetic material formed on a sur 
face of a non-magnetic substrate made of plastic, glass, 
or Al. The formation of the extremely thin ?rst crystal 
grain size control layer has aimed at materialization of a 

I surface state of the underlayer which will facilitate 
f, growth of columnar crystals with uniform grain sizes in 
the second crystal grain size control layer of Ru or the 

vvlike with the hcp structure. As a result of studies on 
non-magnetic materials forming the ?rst crystal grain 
size control layer, it has been found that, when the 
second crystal grain size control layer of Ru or the like 
with the hcp structure is formed on a thin ?lm made of 
Si, Ge, Sn, or an alloy thereof, crystals in the second 
crystal grain size control layer grow uniform. it has also 

" been con?rmed that the uniformity in size of columnar 
‘ crystal grains grown in the thin Ru ?lm as the second 
*crystal grain size control layer formed on the ?rst crys 
tal grain size control layer made of Si, Ge, Sn, or an 
alloy thereof tends to be substantially constant with a 
given value irrespective of the kind of substrate, and 
that this tendency is true of thin hcp structure ?lms 
other than the thin Ru ?lm, for example, thin ?lms made 
of Sc, Y, Zn, or an alloy containing Ru, Sc, Y, Zn, Ti, 
or the like. An equivalent effect has also been found 
where a very thin Co or Co-based alloy ?lm with the 
hcp structure is used as the second crystal grain size 
control layer, which is, however, preferably different in 
composition from the thin magnetic layer. It has also 
been con?rmed that, in formation of ?rst and second 
crystal grain size control layers, an effective crystal 
grain size control layer can be formed according to any 
one of physical evaporation techniques such as vacuum 
evaporation, high frequency sputtering, and ion beam‘ 
sputtering techniques. 

Further, the inventors of the present invention have 
con?rmed that the columnar crystal grain size in the 
thin Co-based alloy ?lm can be adequately and arbitrar 
ily controlled by forming the above-mentioned crystal 
grain size control layer also in a magnetic recording 
medium comprising a Co-based amorphous soft mag 
netic thin ?lm made of, for example, Co-Mo-Zr, Co 
Mo-Nb, Co-W-Nb, or Co-Nb-Zr, or a thin amorphous 
?lm made of a high permeability alloy, which is formed 
as the under-layer of the thin Co-based alloy ?lm serv 
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4 
ing as the perpendicular anisotropy ?lm. More speci? 
cally, it has been found that a thin Co-based alloy ?lm 
comprising uniform columnar crystal grains better con 
trolled in size can be formed by providing a ?rst crystal 
grain size control layer made of Si, Ge, Sn, or an alloy 
thereof on a Co-based amorphous soft magnetic thin 
?lm, forming thereon a second crystal grain size control 
layer with the hcp structure made of Ru, Sc, Y, Zn or 
the like, or an alloy containing Ru, Sc, Y, Zn, Ti or the 
like, and subsequently forming thereon the thin Co 
based alloy ?lm. As a result of examination of the crys 
tal structures of thin ?lms made of Si, Ge, Sn, or an 
alloy thereof by the X-ray diffraction technique, it has 
been found that all the thin ?lms were amorphous. In 
the case of Si, Ge, and Sn, the crystal structure is that of 
a diamond having a tetrahedral arrangement with an 
inter-atomic distance, between most cloosely neighbor 
ing atoms, of 2.35A, 2.45A, and 2.80A, respectively. 
These values are close to those of Ru, Sc, Y, Zn or the 
like, or an alloy containing Ru, Sc, Y, Zn, Ti or the like, 
which have the hcp structure. This is believed to be the 
reason for growth of a thin ?lm comprising columnar 
crystal grains uniform in size and having a better c-axis 
dispersion. A thin Co—based alloy ?lm good in control 
lability of the columnar crystal grain size and excellent 
in magnetic properties can be formed by forming the 
thin Co-based alloy ?lm on a second crystal grain size 
control layer comprising columnar crystal grains uni 
form in size, having the hcp structure and made of Ru, 
Sc, Y, Zn or the like, or an alloy containing Ru, Sc, Y, 
Zn, Ti or the like. 
The thickness of the layer of Si, Ge, Sn, or an alloy 

thereof, which is the ?rst crystal grain size control layer 
in the magnetic recording medium of the present inven 
tion, is preferably 100°A or largeroin view of the fact 
that a thickness of less than 100°A is insuf?cient for 
removal of the in?uence of the substrate surface. Al 
though the effect of controlling the columnar crystal 
grain size dones not vary even at a thickness exceeding 
1 pm, the layer forming time is prolonged and the layer 
is subject to cracking in the case of forming the thin 
layer on a plastic ?lm. Therefore, the thickness of the 
layer is preferably lam or smaller. A still preferred 
thickness of the layer in a practical sense is in a range of 
150 to 3,000A. Since the second crystal grain size con 
trol layer made of Ru, Sc, Y, Zn or the like, or an alloy 
containing Ru, Sc, Y, Zn, Ti or the like and having the 
hcp structure very easily grows on the above-men 
tioned ?rst crystal grain size control layer, the practi 
cally preferred thickgess of the second layer is in a 
range of 100 to 3,000A. 
When only a thin ?lm made of Ru, Sc, Y, Zn, or an 

alloy thereof and having the hcp structure is used as the 
columnar crystal grain size control layer, the layer 
thickness desired for the purpose of attaining unformity 
of theocolumnar crystal grain size is in a range of 150 to 
3,000A. 

In the magnetic recording medium of the present 
invention, the soft magnetic thin ?lm provided under 
the crystal grain size control layer is not limited to 
Co-based amorphous soft magnetic materials, but may 
be of any kind of thin amorphous alloy ?lm having a 
high permeability. 

In formation of a crystal grain size control ?lm, a thin 
Co-based magnetic‘ ?lm, and an amorphous soft mag 
netic thin ?lm in the magnetic recording medium of the 
present invention, the substrate temperature and the 
thin ?lm forming rate must be controlled. In controlling 



4,722,869 
5 

the columnar crystal grain size in the crystal grain size 
control layer made of Ru, Sc, Y, Zn or the like, or an 
alloy thereof and having the hcp structure, the substrate 
temperature is preferably 100° to 400° C. At a substrate 
temperature of lower than 100° C., the adhesion of the 
control layer to the underlayer is poor. A substrate 
temperature exceeding 400° C. unfavorably presents a 
problem concerning the thermal resistance of the sub 
strate, and provides deterioration in the c-axis disper 
sion of crystals. In formation of a thin ?lm made of Si, 
Ge, Sn, or an alloy thereof as the ?rst crystal grain size 
control layer, a substrate temperature of lower than 
100° C. provide a poor adhesion of the thin ?lm to the 
underlayer, while a substrate temperature exceeding 
300° C. gives rise to polycrystal formation in the thin 
layer to cause the c-axis dispersion of the second crystal 
grain size control layer with the hcp structure formed 
thereon to be poor. Thus, the preferred temperature 
range is 100° to 300° C. In formation of the amorphous 
soft magnetic thin ?lm, a substrate temperature of lower 
than 100° C. provides a poor adhesion of the ?lm to the 
underlayer, while a substrate temperature exceeding 
400° C. deteriorates the magnetic properties of the ma 
terial of the amorphous soft magnetic thin ?lm. Thus, 
the preferred temperature range is 100° to 400° C. In 
formation of the thin Co-based alloy ?lm as the perpen 
dicular anisotropy ?lm of the magnetic recording me 
dium, a ?lm forming temperature of lower than 100° C. 
provides a poor adhesion of the ?lm to the underlayer 
and a dif?culty in forming a ?lm having magnetic prop 
erties adapted to high density magnetic recording, 
while a ?lm forming temperature exceeding 300° C. 
provides a poor c-axis dispersion of crystals. Thus, the 
preferred temperature range is 100° to 300° C. 
The thin ?lm forming rate for giving c-axis orienta 

tion of the hcp structure to the crystal grain size control 
layer and the thin Co-based alloy magnetic ?lm of the 
magnetic recording medium of the present invention is 
preferably in a range of 1 to 3,000A/s. When it is less 
than lA/s, the c-axis dispersion of crystals is poor be 
cause of a reaction of the material with the residual gas 
(02, N2, C0, C02, H2O, etc.) contained in a vacuum 
atmosphere, which is allowed to proceed due to too 
slow °a thin ?lm forming rate. When it exceeds 
3,000A/s, too small crystal grains are formed with dif? 
cult control of the crystal grains size, and the vacuum 
evaporation apparatus must disadvantageously have a 
large dimension. 

Physical evaporation techniques such as vacuum 
evaporation, high frequency sputtering, and ion beam 
sputtering techniques can be employed as the method of 
forming a thin ?lm in the magnetic recording medium 
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6 
of the present invention. As for the method of control 
ling the columnar crystal grain size in the crystal grain 
size control layer, besides control of the above-men 
tioned temperature in thin ?lm formation (substrate 
temperature) and control of the thin ?lm forming rate, 
the crystal grain size can be controlled by varying the 
sputtering power and the pressure of a sputtering gas 
(e.g., Ar) in the case of using the sputtering technique. 
The present invention will now be illustrated in more 

detail with reference to the following Examples and the 
drawings, wherein portions having the same symbols 
attached thereto should be interpreted as having the 
same performance characteristics. 

EXAMPLE 1 

A perpendicular magnetic recording medium having 
a structure comprising a polyimide ?lm substrate 1, a 
thin Co—Cr magnetic ?lm 3, and a crystal grain size 
control layer 2 of Ru with the hcp structure provided 
between the substrate 1 and the magnetic ?lm 3 as 
shown in FIG. 1 was prepared according to the follow 
ing procedure. 
The substrate 1 was heated at a temperature of 110°, 

140°, 170°, or 200° C. in a vacuum of 2X l0-6Torr. Ru 
was deposited on the substrate by the vacuum evapora 
tion technique at a rate of 10A/s to form a crystal grain 
size control layer 2 with the hcp structure having a 
thickness of 300A. In the same vacuum vessel, the sub 
strate temperature was set at 150° C., and Co-23 wt. % 
Cr was further deposited by the vacuum evaporation 
technique at a rate of 100A/s to form a thin Co—Cr 
magnetic ?lm 3 having a thickness of 2,500A. On the 
other hand, Co~23 wt. % Cr was directly deposited on 
a polyimide ?lm substrate by the vacuum evaporation 
technique at a substrate temperature of 150° C. and a 
rate of l00A/s to form aathin Co—Cr magnetic ?lm hav 
ing a thickness of 2,500A as a control. 

Table 1 shows a comparison between various condi 
tions in columnar crystal grain size (A), c-axis disper 
sion [A050 (degree)], magnetic properties [saturation 
magnetization (emu/cc) and vertical coercive force 
(Oe)] of a thin Co—Cr magnetic ?lm. The columnar 
crystal crystal grain size was measured by observing the 
cross-section of a thin Co—Cr magnetic ?lm through a 
transmission electron microscope. The c-axis dispersion 
of a thin Co-Cr magnetic ?lm was evaluated in terms of 
half-value width in the X-ray diffraction locking curve. 
The smaller the value of A050, the better the c-axis 
dispersion. The magnetic properties were measured 
with a VSM (vibrating sample magnetometer). 

TABLE 1 
Crystal grain size control layer 

None Temperature of forming crystal grain size 
(Reference control layer of Ru with hcp structure 

Properties Example) 110° C. 140° C. 170° C. 200‘ C. 

Columnar crystal grain l00~600 100~200 200~400 400~600 600~800 
size in thin CO-zCl’ 
magnetic ?lm (A) 
c-Axis dispersion of 10 7.4 7.4 7.5 7.6 
thin Co—Cr magnetic 
?lm [A950 (‘)1 
Maggetic properties 
Saturation magnetization 320 325 320 330 325 
(emu/cc) 
Vertical coercive 600 620 625 630 610 
force (0e) 
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As is demonstrated in Table l, the varied tempera 
tures for formation of a crystal grain size control layer 
of Ru with the hcp structure were able to provide thin 
Co-Cr magnetic ?lms having an adequate and arbitrary 
columnar crystal grain size while keeping the values of 
c-axis dispersion [A650 (degree)], saturation magnetiza 
tion (emu/cc) and vertical coercive force (0e) as mag 
netic properties of the thin Co-Cr magnetic ?lm on 
substantially constant levels. 

EXAMPLE 2 

A perpendicular magnetic recording medium com 
prising an amorphous soft magnetic thin ?lm 5 of a 
Co-Mo-Zr alloy provided as the underlayer of a crystal 
grain size control layer 2 (upper layer of a substrate 1) 
as shown in FIG. 2 was prepared according to substan 
tially the same procedure as in Example 1 except that 
the amorphous soft magnetic thin ?lm 5 made of Co-0.2 
at (atqmic) % Zr-0.7 at % Mo and having a thickness of 
5,000A was formed using a high frequency sputtering 
apparatus under the conditions including a substrate 
temperature of 150° C., an Ar gas partial pressure of 5 
mTorr, and a high frequency power in sputtering of 4 
W/cmZ. 

In this case also, performance characteristics substan 
tially equivalent to the results shown in Table l of Ex 
ample 1 were secured. 

EXAMPLE 3 

A perpendicular magnetic recording medium having 
‘v a structure comprising a polyimide ?lm substrate 1, a 

, thin Co-Cr magnetic ?lm 3, and a ?rst crystal grain size 
control. layer 4 of Ge and a second crystal grain size 
control layer 2 of Ru with the hcp structure both 
formed between the substrate 1 and the magnetic ?lm 3 
as shown in FIG. 3 was prepared according to the fol 
lowing procedure. 
The substrate 1 was heated at a temperature of 180° 

.C. in a vacuum of 2X 10'-6 Torr. Ge was deposited on 
..the substrate by the vacuum evaporation technique at a 
grate of IOA/s to form a ?rst crystal grain size control 
layer 4 having a thickness of 300A. Thevsubstrate tem 
perature was then set at a temperature of 110°, 140°, 
170°, or 200° C. Ru was deposited thereon by the vac 
uum evaporation technique at a rate of IOA/s to form a 
second crystal grain size control layer 2 with the hcp 
structure having a thickness of 300A. In the same vac 
uum vessel, the substrate temperature was set at 150° C., 
and Co-23 wt. % Cr was further deposited ‘by the vac 
uum evaporation technique at a rate of l00A/s to form 
a thing Co-Cr magnetic ?lm 3 having a thickness of 
2,500A. 
Table 2 shows a comparison among various condi 

tions in columnar crystal grain size (A), c-axis disper 
sion [A050 (degree)], and magnetic properties of a thin 
Co-Cr magnetic ?lm. 

TABLE 2 
Temperature of forming second crystal 

grain size control layer (Ru) 
Properties 110' C. 140° C. 170° C. 200’ C. 

Columnar crystal 100 i 50 300 i 50 500 t 50 700 -_t- 50 
grain size in second 
crystal grain size con 
trol layer (A) 
Columnar crystal 
grain size in thin 
Co-Cr magnetic 
?lm (A) 

6 
l00i30 300130 500130 700130 
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8 
TABLE 2-continued 

Temperature of forming second crystal 
grain size control layer (Ru) 

Properties 110' C. 140° C. 170° C. 200° C. 

c-Axis dispersion of 5.1 5.3 5.2 5.3 
thin Co—Cr magnetic 
?lm [A950 (“)1 
Magnetic properties 
Saturation magneti 
zation (emu/cc) 
Vertical coercive 
force (Ca) 

320 325 330 310 

620 625 630 615 

As is demonstrated in Table 2, the ?rst crystal grain 
size control layer 4 of Ge provided under the second 
crystal grain size control layer 2 of Ru with the hcp 
structure was able to serve for controlling the columnar 
crystal grain size in the second crystal grain size control 
layer 2 in accordance with the temperature of forming 
the second crystal grain size control layer 2. As a result, 
columnar crystal grains in the thin Co-Cr magnetic ?lm 
3 were also very well controlled to an adequate and 
arbitrary size. The ?rst crystal grain size control layer 4 
of Ge provided under the second crystal grain size 
control layer 2 was also able to serve for improving the 
c-axis dispersion of the thin Co-Cr magnetic ?lm 3. The 
?rst crystal grain size control layer 4 of Ge was recog 
nized to be amorphous as a result of examination by the 
X-ray diffraction technique. 

EXAMPLE 4 

A perpendicular magnetic recording medium having 
a structure comprising a glass substrate 1 of 3 inches in 
diameter, a soft magnetic thin ?lm 5 formed on the 
substrate, and a ?rst crystal grain size control layer 4, 
and a second crystal grain size control layer 2 and a thin 
Co-Cr magnetic ?lm 3 formed on the ?lm 5 in this 
sequence as shown in FIG. 4 was prepared according to 
the following procedure. 
The amorphous soft magnetic thin ?lm 5 made of 

(Io-0.2 at % Zr-0.7 at % Mo and having a thickness of 
5,000A was formed using a high frequency sputtering 
apparatus under the conditions including a substrate 
temperature of 150° C., an Ar gas partial pressure of 5 
mTorr, and a high frequency power in sputtering of 
4W/cm2. Si was deposited on the soft magnetic thin 
?lm 5 under the conditions including an Ar gas partial 
pressure of 3 mTorr, and a high frequency power in 
sputtering of 4 W/cm2 to form the ?rst crystal grain size 
control ?lm 4 having a thickness of 500A. Zn was then 
deposited to form the second crystal grain size control 
?lm having a thickness of 500A. Subsequently, Co-l8 
wt. % Cr was deposited in a thickness of 2,000A under 
an Ar gas partial pressure of 3 mTorr at a high fre 
quency power of 8 W/cmZ. While keeping constant 
temperatures of formation of the soft magnetic thin ?lm 
5, the ?rst crystal grain size control layer 4 of Si, and the 
thin Co-Cr magnetic ?lm, the temperature of forming 
the second crystal grain control layer 2 was varied to be 
90°, 120°, 150°, or 180° C. Thus, perpendicular magnetic 
recording media having the structure as shown in FIG. 
4 was prepared. On the other hand, a perpendicular 
magnetic recoding medium having a thin Co-Cr mag 

5 netic ?lm and no ?rst nor second crystal grain size 
control layers was prepared as a control under substan 
tially the same conditions as in this Example. Table 3 
shows a comparison in columnar crystal grain size (A), 



4,722,869 
9 

c-axis dispersion [A050 (degree)], and magnetic proper 
ties of a thin Co-Cr magnetic ?lm. 

TABLE 3 
Crystal grain size control layer 

10 
magnetic recording medium adapted to high density 
magnetic recording. Thus, a great bene?t in industrial 

None Temperature of forming second crystal 
(Reference grain size control layer 

Properties Example) 90‘ C. 120° C. 150° C. 180’ C. 

Columnar crystal grain 80~500 110 i 30 250 i: 30 350 i 30 550 t 30 
size in thin CoTCr 
magnetic ?lm (A) 
c-Axis dispersion of 8~ 15 4.7 4.6 4.8 4.6 
thin Co—Cr magnetic 
?lm [A050 (°)l 
Maggetic properties 
Saturation magnetization 310 320 325 310 330 
(emu/cc) 
Vertical coercive 620 600 610 615 620 
force (0e) 

As is apparent from Table 3, formation of the amor 
phous soft magnetic ?lm on the substrate, the ?rst and 
second crystal grain size control layers thereon, and the 
thin Co-Cr magnetic ?lm thereon enabled arbitrary 
control of the columnar crystal grain size while keeping 
the values of c-axis dispersion and magnetic properties 
of the thin Co—Cr magnetic ?lm on substantially con 
stant levels. ' 

Although in the foregoing Examples the cases where 
the thin Co—Cr magnetic ?lm was formed as an example 
of the thin Co-based alloy magnetic ?lm were de 
scribed, equivalent effects were seucred in the cases of 
using a thin Co-based alloy magnetic ?lm made of other 
alloys such as Co-Ru, Co-V, Co-Mo, Co-W, Co-Re, 
Co-O, Co—Cr-Rh, Co—Cr-Ru, or Co-Ni-O. 
As for the crystal grain size control layer with‘the 

hcp structure, effects equivalent to those of the forego 
ing Examples wherein Ru or Zn was used were secured 
also in the cases of using either Sc, Y, an alloy contain 
ing at least two members selected from among Ru, Zn, 
Sc, Y and Ti, or C0 or a Co-based alloy. As for the ?rst 
crystal grain size control layer, it was con?rmed that 
effects equivalent to those in the cases of using Ge or Si 
were secured also in the cases of using Sn or an alloy 
containing at least two members selected from among 
Ge, Si and Sn. 
As for the soft magnetic thin ?lm, effects equivalent 

to those in the case of using an amorphous thin ?lm of 
Co-Mo-Zr were secured also in the case of using other 
Co-based amorphous thin ?lm of, for example, Co-Mo 
Nb, Co-W-Nb, Co-Nb-Zr, or other amorphous materi 
als having a high permeability. 
As described above in detail, in the magnetic record 

ing medium of the present invention, formation of a 
crystal grain size control layer made of either Ru, Sc, Y, 
Zn or an alloy thereof, or C0 or a Co-based alloy, which 
provides the hop structure, or a ?rst crystal grain size 
control layer made of Si, Ge, Sn or an alloy thereof and 
a second crystal grain size control layer, which is the 
same as mentioned above as the crystal grain size con 
trol layer with the hop structure, prior to formation of 
a thin Co-based alloy layer as the perpendicular record 
ing ?lm serves to improve controllability of the colum 
nar crystal grain size in the thin Co-based alloy mag 
netic ?lm formed on the control layer. This so favor 
ably affects the c-axis dispersion of the thin magnetic 
?lm that the magnetic recording reproducibility can be 
largely improved. In this case, the underlayer may be 
either a soft magnetic thin ?lm or a non-magnetic sub 
strate, which is effective in obtaining a perpendicular 
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utilization can be secured. 
What is claimed is: 
1. A magnetic recording medium comprising: 
a substrate; . 

a soft magnetic thin ?lm provided on said substrate; 
a layer provided on said soft magnetic thin ?lm for 

controlling a columnar crystal grain size in a per 
pendicular magnetic anisotropy ?lm, said layer for 
controlling the columnar crystal grain size consist 
ing of a ?rst crystal grain size control layer made of 
at least one element selected from the group con 
sisting of Si, Ge and Sn, and a second crystal grain 
size control layer provided on said ?rst crystal 
grain size control layer and having a close packed 
hexagonal lattice structure; and 

a perpendicular magnetic anisotropy ?lm provided 
on said layer for controlling the columnar crystal 
grain size. 

2. A magnetic recording medium according to claim 
1, wherein said second crystal grain size control layer is 
made of one element selected from the group consisting 
of group consisting of Ru, Sc, Y, Zn and Ti. 

3. A magnetic recording medium according to claim 
1, wherein said second crystal grain size control layer is 
made of Co or a CO-based alloy different in material or 
composition from said perpendicular magnetic anisot 
ropy ?lm. 

4. A magnetic recording medium according to claim 
1, wherein said soft magnetic thin ?lm is made of an 
amorphous Co-based alloy or an amorphous high per 
meability alloy. 

5. A magnetic recording medium according to claim 
4, wherein said amorphous Co-based alloy is a material 
selected form the group consisting of Co-Mo-Zr, Co 
Mo-Nb, Co-Nb-Zr and Co-W-Nb. 

6. A magnetic recording medium according to claim 
1, wherein said perpendicular magnetic anisotropy ?lm 
is made of at least one material selected from the group 
consisting of Co—Cr, Co~V, Co-Mo, Co-W, Co-Ru, Co 
Re, Co-O, Co—Cr-Rh, Co—Cr-Ru and Co-Ni-O. 

7. A magnetic recording medium comprising: 
a substrate; 
a layer provided on said substrate for controlling the 
columnar crystal grain size in a perpendicular mag 
netic anisotropy ?lm, said layer for controlling the 
columnar crystal grain size consisting of a ?rst 
crystal grain size control layer made of at least one 
element selected from the group consisting of Si, 
Ge and Sn, and a second crystal grain size control 
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layer provided on said ?rst crystal grain size con 
trol layer and having a close packed hexagonal 
lattice structure; and 

a perpendicular magnetic ansiotropy ?lm provided 
on said second crystal grain size control layer. 

8. A magnetic recording medium according to claim 
7, wherein said second crystal grain size control layer is 
made of one element selected from the group consisting 
of Ru, Sc, Y and Zn, or at least two elements selected 
from the group consisting of Ru, Sc, Y, Zn and Ti. 

9. A magnetic recording medium according to claim 
7, wherein said second crystal grain size control layer is 
made of Co or a Co-based alloy different in material or 
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12 
composition from said perpendicular magnetic anisot 
ropy ?lm. 

10. A magnetic recording medium according to claim 
7, wherein said perpendicular magnetic anisotropy ?lm 
is made of at least one material selected from the group 
consisting of Co-Cr, Co-V, Co~Mo, Co-W, Co-Ru, Co 
Re, Co-O, Co-Cr-Rh, Co-Cr-Ru and Co-Ni-O. 

11. A magnetic recording medium according to any 
one of claims 1, 2, 3, 7, 8 or 9, wherein said ?rst crystal 
grain size control layer has a thickness of 100 to 3,000 A 
and said second crystal grain size control layer has a 
thickness of 100 to 3,000 A. 


